The antioxidant enzyme, copper zinc superoxide dismutase (CuZnSOD) plays an important role in protecting tissues from damage by reactive oxygen species (ROS) reactions. The objective of this investigation was to determine the CuZnSOD mRNA level as an indicator of CuZnSOD activity and the effect it has on meat quality in three important pig breeds in China, the Laiwu Black (LW), Lulai Black (LL) and Large Yorkshire (LY). Thirty six castrated boars (114 kg; LW, n = 12; LL, n = 12 and LY, n = 12) were used in this study. Samples were taken from the longissimus dorsi muscle, backfat and liver. Results showed that there was a significant breed × tissue interaction; and the maximum mRNA level of the CuZnSOD gene was recorded in the LW and the minimum in the LY. The proportion of gene expression was positively correlated with the anti-oxidative capacity in muscle. The expression of the CuZnSOD gene was positively correlated with meat colour and tenderness; and negatively correlated with marbling score, drip loss, cooking loss and intramuscular fat. The higher the level of CuZnSOD mRNA expression, the better was the quality of the pork. This implies that the difference in CuZnSOD mRNA expression in breeds was involved in the mechanisms of meat quality that related to superoxide dismutase (SOD) activity and anti-oxidant capacity of the muscle.
SOD2) (Takada et al., 2009) and extracellular superoxide dismutase (Ec-SOD, SOD3). CuZnSOD is the enzyme characterized with a copper and zinc-containing homodimer. MnSOD exists as a tetramer and is initially synthesized containing a leader peptide, which targets this manganese-containing enzyme exclusively to the mitochondrial spaces. ECSOD, the most recently characterized SOD, exists as a copper and zinc-containing tetramer, and is synthesized with a signal peptide that directs this enzyme exclusively to extracellular spaces. CuZnSOD is found almost exclusively in intracellular cytoplasmic spaces, and comprises 90% of total SOD (Noor et al., 2002) . Therefore, the investigation of CuZnSOD expression levels becomes very important.
Pork quality is an important economic characteristic, and has become a primary focus for producers, researchers and consumers in recent years. It has been widely acknowledged that there are significant differences in pork quality between pig breeds. The Laiwu Black (LW) is mainly raised in the Shandong Province of China. Lulai Black (LL) with good meat quality is a breed based on LW with introgression of the Large Yorkshire (LY). Compared with LY, the meat of the LW has a higher intramuscular fat (IMF) content and a better flavour (Hu et al., 2008; Lu et al., 2008) . Differences between these breeds are, in part, the results of factors such as genetics. However, little is known about the molecular aspects affecting these traits.
Transcriptomics is a technology that may help to identify molecular markers of meat quality. In a previous study we found that the activity of antioxidant enzyme and MDA content influenced water-holding capacity (WHC), shear force and IMF. It is currently not known whether transcriptomics corresponding to the CuZnSOD gene is also correlated with meat quality, or whether the gene is an indirect marker of meat quality.
Material and Methods
The animal care and usage protocol was reviewed and approved by the Shandong Agricultural University Animal Nutrition Research Institute. Three genetically different pig breeds, the Laiwu Black (LW), Lulai Black (LL) and Large Yorkshire (LY) were used in this study. LW is a Chinese native pig breed. This breed has a lower growth performance than most commercial European pigs such as the LY. LL was developed from the crossing of the LW and LY at a 50 : 50 ratio. Twelve boars from each breed were castrated at 15 days of age. The pigs were fed as a group at the Laiwu breeding farm (Laiwu, China), and were slaughtered when LY, LL and LW reached live weights of ca. 114 (± 2) kg at respectively 6, 9 and 12 months of age.
Samples of the longissimus muscle, backfat and liver were collected from the carcasses for mRNA expression analysis, and were preserved in liquid nitrogen. The whole longissimus muscle from the other half of the carcass was taken to determine SOD activity and MDA concentration, as well as meat quality.
The longissimus lumbar dorsi was taken for determination of SOD activity and MDA concentration. After 1, 2, 3 and 5 days of storage at 4 °C, SOD 1d , SOD 2d , SOD 3d , SOD 5d activities and MDA 1d , MDA 2d , MDA 3d , MDA 5d concentrations, respectively, were measured, using a SOD Detection Kit and an MDA Detection Kit (Nanjing, China).
Meat colour and marbling score of the longissimus thoracis dorsi were measured by a trained, twoperson panel (Lonergan et al., 2002; Ryan et al., 2010) . Colour score measurements were taken using the standardized colour scale (scale, 1 = light-coloured pork to 6 = dark-coloured pork, scored to the nearest 0.5). Marbling score was obtained using a continuous scale of photographs (on 1 to 5 scales) of pork chops containing low to high levels of IMF. The scores from the two-person panel were averaged to assign the final marbling score.
Longissimus thoracis muscle in the region of the last rib was taken for drip loss, cooking losses, shear force and IMF evaluation. In order to measure drip loss (%), meat samples were weighed and then suspended in an inflated polyethylene bag without any contact with the bag. After a 24 h storage period at 4 °C, the samples were dried gently with paper towels and reweighed (Honikel, 1998) . Cooking loss was determined using the method described by Honikel (1998) . Meat samples were cooked to a final core temperature of 71 °C, and cooking losses were estimated by weighing before and after cooking. After the measurement of cooking loss, cooked samples were used to determine shear force values using a Warner-Bratzler shearing device. IMF was chemically quantified following ISO, 1443 ISO, -1973 Total RNA was isolated from muscle, backfat and liver samples using the Trizol Reagent Kit (Bioteke, China) according to the manufacturer's instructions. The extracted RNA was dissolved in DEPC-treated water and the concentration, purity and integrity were assessed using an Eppendorf Biophotometer (Germany) at 260/280 nm (OD260/OD280 = 1.8 -2.0), and by electrophoresis in a 1% agarose gel to verify its integrity. Total RNA (5 μg) was treated with 3 U of DNase I (Takara, Japan) to remove contaminating genomic DNA. Total RNA (2 μg) was used as a template for cDNA synthesis using oligo (dT) primer. The RNA sample, oligo (dT) and sterile H 2 O (final volume, 11 μL) were mixed in a 0.5 mL microcentrifugal tube and incubated at 70 °C for 5 min, and then cooled on ice for 1 min. The rest of the reagents except reverse transcriptase (Bioteke, China) was then added into the reaction tube with a final volume of 19 μL and incubated at 37 °C for 5 min. M-MLV RT (200U) (Bioteke, China) was then added into the reaction tube with a final volume of 20 μL, and the reaction was incubated at 42 °C for 60 min, and finally was terminated by heating at 70 °C for 10 min. Reverse transcriptase (RT) production was stored at -20 °C.
According to the published mRNA sequences of swine CuZnSOD (AF396674) at GenBank, the oligonucleotide primers set for the gene were designed using Primer Premier 5.0 software and described in detail in Table 1 . The primers of glyceraldehydes-3-phosphate dehydrogenase (GAPDH) gene were the primers reported by Erkens et al. (2006) . All qPCR assays were carried out on a Stratagene Mx3000P device. The continuously expressed gene, GAPDH, was used, and served as an endogenous reference for determination of targeted mRNA profiles (Robert et al., 2005; Malathi et al., 2008) . The 2 -ΔΔCt (ΔΔCt = ΔCt of the target gene -ΔCt of the housekeeping gene) method was used to analyse the relative quantitative data (Livak et al., 2001; Yuan et al., 2008) . QPCR amplifications were performed in a 20 μL reaction volume consisting of 100 nM forward primer and reverse primer, 2 μL of cDNA, 10 μL SYBR Green Realtime PCR Master Mix and 2 μL of Plus Solution (Toyobo, Japan). The following amplification conditions were used: one cycle of 30 s at 95 °C, followed by 35 PCR cycles of 5 s at 95 °C, 10 s at 58 °C and a final extension for 15 s at 72 °C.
Data were statistically analyzed using SAS Software (SAS, 1999) . Different gene expression levels of the three tissues and the three breeds were analyzed by Bivariate Correlations with repeated measures. Correlation analysis among CuZnSOD mRNA expression levels, anti-oxidative activity of muscles and meat quality were calculated using the PROC CORR procedure of SAS 8.1. The results are presented as means ± standard error of the mean (s.e.m.). Significant and extreme differences were set at P <0.05 and P <0.01, respectively.
Results
The expression of CuZnSOD gene was determined in the three selected tissues, and indicated a breed × tissue interaction (P = 0.005). CuZnSOD mRNA expression WAs not only influenced by different tissues, but also by different breeds. In all three pig breeds, CuZnSOD mRNA expression levels were the highest in the backfat, followed by the liver and the lowest in muscle (P <0.05). The CuZnSOD mRNA expression levels in backfat, muscle and liver were significantly different in the three breeds, with CuZnSOD mRNA expression level being the highest in the LW, followed by that in the LL, and the lowest in the LY (Figure 1 In all three groups the mRNA expression level of the CuZnSOD gene was positively correlated (P <0.05) with SOD activity from day 1 to 5, while that of CuZnSOD was highly positively correlated (P <0.01) with SOD 2d in LW. The CuZnSOD mRNA expression level was negatively correlated (P <0.05) with MDA level from day 1 to 5, while in LW there was no obvious relationship between gene expression and MDA 1d (P >0.05). The mRNA expression level of CuZnSOD was highly negatively correlated (P <0.01) with MDA 3d and MDA 5d in LW, and negatively correlated (P <0.01) with MDA 5d in LL, and negatively correlated (P <0.01) with MDA 3d in LY.
It is sufficient to indicate that there was a correlation between CuZnSOD gene expression and meat quality (P <0.05). The abundance of CuZnSOD mRNA expression in muscles was negatively correlated with drip loss, cooking loss, marbling score, shear force, IMF (P <0.05), and positively correlated with meat colour (P <0.05). * -Significant (P <0.05); ** -Significant (P <0.01). MC -meat colour score; DL -drip loss; CL -cooking loss; SF -shear force; IMF -intramuscular fat; MS -marbling score.
The South African Journal of Animal

Discussion
CuZnSOD mRNA level is significantly different between tissues, with that in backfat > liver > muscle in all three breeds. A dissimilar conclusion was reported by Xu et al. (2007) for Duroc × Landrace × Yorkshire boars. They reported that CuZnSOD mRNA levels in muscle were the highest of the tested tissues. From this investigation we concluded that there was a breed × tissue interaction, and CuZnSOD mRNA expression is influenced not only by tissue, but also by breed. The pattern of CuZnSOD mRNA expression varies in different tissues. It is well known that ROS can easily attack lipids to yield lipid hydroperoxides, and backfat tissue is potentially predisposed to lipid peroxidation due to its high concentration of polyunsaturated fatty acids, which are susceptible to oxidation. Consequently, results show a higher CuZnSOD expression in fat than in muscle.
CuZnSOD mRNA level was shown as LW > LL > LY. The reason for such discrepancies is attributed to the high variation of CuZnSOD activity among the breeds. It demonstrates that a simple relationship does always exist between the mRNA levels and the activity of antioxidases in particular tissues. CuZnSOD is the antioxidant enzyme to increase in both activity and gene mRNA expression from the LY to the LW muscle. These results suggest that post-transcriptional control mechanisms must play a role in the regulation of CuZnSOD expression. The transcriptional activation of antioxidant enzymes has been related to cisacting elements, detected in the promoter region of those genes. They regulate either or both constitutive and inducible gene expression (Dhakshinamoorthy et al., 2000) . Our study identified that there is a relationship between CuZnSOD gene expression and MDA content, and that CuZnSOD gene expression is negatively correlated with MDA in the three breeds. Meanwhile, CuZnSOD gene expression positively correlate with SOD in the three breeds. This implies that the higher the level of CuZnSOD mRNA expression, the better the muscle's anti-oxidative capacity; which is in agreement with other reports (Yuan et al., 1996) . On one hand, PUFAs peroxidation gives rise to a number of secondary products. MDA is the principal and most studied product of PUFAs peroxidation. Ohrvall et al. (1994) reported that the plasma concentration of MDA is negatively correlated with lipid concentration. Therefore, the measurement of MDA is important for the assessment of oxidative stress as MDA has been used as a biomarker of lipid oxidation for more than 30 years (DelRio et al., 2005) . On the other hand, the activity of antioxidant enzyme represents anti-oxidative capacity in an organism; the more the CuZnSOD gene expression, the higher the SOD activity and the lower the MDA content.
In the present research, CuZnSOD mRNA expression was significantly correlated with meat quality in muscle, suggesting that the higher the level of CuZnSOD mRNA expression, the better the meat colour would be, and the lower the drip loss, cooking loss, marbling score, shear force and IMF would be. It is clear that post mortem events that are key factors in influencing meat quality such as meat processing, storage, transport and sale, produce ROS as part of normal metabolic activities, and determine the degree of drip loss, meat colour, shear force (Fernandez et al., 1997; Lonergan et al., 2005; Teye et al., 2006) . The lipolytic and proteolytic rates of post mortem meat are controlled by the antioxidative ability of meat (Duval et al., 2003) , and SOD can protect pork from oxidation, ameliorate meat quality and lengthen shelf life of food (Yu et al., 2009) . The value of SOD can be used as an indicator for evaluating meat quality (Rowe et al., 2004) ; the higher the level of CuZnSOD mRNA expression, the better the meat quality and the longer the shelf life of the meat.
Conclusions
We have demonstrated clear differences in the expression of the CuZnSOD gene in fatty (LW) and lean breeds (LY) of pigs, and the regulatory mechanism of CuZnSOD gene expression occurring in different tissues of pigs has been defined. In addition, the relationship between CuZnSOD mRNA expression and meat quality are shown, but tissue-specific functions of CuZnSOD mRNA expression are poorly defined and need further investigation. Finally, these findings strongly suggest that the CuZnSOD mRNA expression in pigs is not only different among the muscle, backfat and liver, but also between breeds. CuZnSOD mRNA expression was correlated with meat quality, suggesting that CuZnSOD mRNA expression could have an influence on meat quality by affecting SOD activity and anti-oxidant ability of muscle. The results from association analyses have suggested that the porcine CuZnSOD gene is a candidate gene for anti-oxidant ability of muscle, which may be useful as a genetic marker in pig breeding.
